The aim of the study was to establish concentration of selenium and the pertinent activity of glutathione peroxidase (GSH-Px ) in whole blood that could be used as reference values in future research. The first part of study was carried out on clinical healthy beef calves (n = 35), fed a basal diet and a ready-made fodder mix that contained 0.1 mg . kg -1 selenium. In the second part of our research, we investigated the GSH-Px activity in a group of calves (n = 47) that had not received supplements added to the basal diet. The research was carried out in the north-west Croatia, in the region known to be poorer in selenium. We determined GSH-Px activity in whole blood by the "Ransel" method adapted to a Technicon RA-1000 at 37 °C. Determination of Se concentration was done with a modification of the method given by Perkin-Elmer HGGS. The mean value of the Se concentration in the whole blood of the first group of calves was 200.22 ± 45.2 µg . l -1 and pertinent average GSH-Px activity was 764.6 ± 197.8 µkat . l -1 . From the results obtained, a correlation between Se and GSH-Px was calculated (r = 0.82; P < 0.001). The mean values of the GSH-Px activity in herd that did not receive a supplement were 435.3 ± 155.76 µkat . l -1 . Out of 47 animals of the second herd, four animals (8.51%) had lower values than those recommended as sufficient. This study confirmed that after the calculation of the correlation between Se and GSHPx, glutathione peroxidase activity determination can be used as a rapid and simple proxy for the determination of selenium concentration in whole blood.
The discovery that glutathione peroxidase (GSH-Px) protects haemoglobin from oxidative denaturalisation by hydrogen peroxide ( M i l l s 1957) and that the erythrocytes of rats with selenium deficiency are subject to haemolysis brought about by hydrogen peroxide (Rotruck et al. 1972) led to the realisation that glutathione peroxidase is an enzyme which contains the micro-element selenium ( R o t r u c k et al. 1973; F l o h e et al. 1973) . This knowledge enabled the construction of a biochemical model through which it is possible to monitor the relation between selenium, vitamin E, glutathione peroxidase, polyunsaturated fatty acids and sulphur containing amino acids ( C h o w and T a p p e l 1974; H o e k s t r a 1974). Vitamin E and glutathione peroxidase protect biological membranes from the harmful effect of free radicals. Glutathione peroxidase works in the cytosol of the cell, and vitamin E is incorporated into the lipid membranes ( S m i t h et al. 1988) . Soon after the discovery that glutathione peroxidase is a potent antioxidant, containing four selenium atoms in its molecule, it was determined that there is also a glutathione peroxidase that does not contain selenium ( L a w r e n c e and B u r k 1978). S c h o l z et al. (1981) studied the distribution of Se-glutathione peroxidase and non-Se-glutathione peroxidase in calf tissues and blood. It was established that the spleen, cardiac muscle, erythrocytes, brain, thymus, fatty tissue and striated muscles contain only Se-glutathione peroxidase. The liver, lungs, adrenaline, testes and kidneys contain both isozymes. Of the internal organs, the liver had the most non-selenium glutathione peroxidase activity. This statement was confirmed by P e h r s o n (1985) . S c h o l z and H u t c h i n s o n (1979) investigated the distribution of glutathione peroxidase activity and selenium concentration in the body fluids of dairy cows and determined that 98.6% of glutathione peroxidase activity, when the activity of the enzyme is expressed in mU . ml -1 of whole blood, is related to erythrocytes in the peripheral blood. In the cellular elements of the blood, there is also a larger proportion of selenium (73%) than in the plasma. The research of T h o m p s o n et al. (1981) shows that GSH-Px activity in the plasma is a more sensitive indicator than whole blood activity, but since the values in the plasma are very low, and the results are accordingly less reliable.
Diagnostics are based on detailed data concerning the composition of the soil and feedstuffs, and on laboratory tests that can show selenium deficiency (the element being an indispensable component of the enzyme glutathione peroxidase) and/or vitamin E, as well as on pathohistological evidence of muscles that show muscular degeneration. However, post-mortem findings only confirm the damage, and do not reduce it. Determination of the quantity of selenium in food or in the serum of animals at threat is relatively expensive because it requires a complex equipment. At present, the enzyme glutathione peroxidase has been used as an indicator of the extent to which the organism is supplied with selenium, for glutathione peroxidase has four Se atoms and a very high and significant positive correlation with quantities of selenium in the blood. Although glutathione peroxidase research goes back thirty years, the actual process has only recently been standardised for biochemical analyses. Because of the diversity of methods and ways of presenting the results (authors have not shown the enzyme activities obtained only in terms of IU . l -1 of whole blood (or in µkat . l -1 ), but linked to haemoglobin content (IU . gHb -1 ) or packed cell volume value (IU . ml PCV -1 ), many data in the literature have not been comparable. Lack of standardisation in the determination and presentation of the results of glutathione peroxidase activity led us to study this problem. Our research (Harapin 1996) aimed at establishing our own values for glutathione peroxidase activity and the pertinent concentration of selenium in whole blood, which would be usable as reference values in future research.
Materials and Methods
The experiment was carried out on 35 crossbreed six-month-old Simmental calves. The animals were clinically healthy, and according to anamnesis had not had any kind of sickness for at least one month before the blood samples were taken. They had been fed maize grits silage, whole maize plant silage, hay and a ready-made fodder mix that contained 0.1 mg . kg -1 selenium.
In the second part of the study, we investigated the GSH-Px activity in a group of beef calves that had not received supplements added to the basal diet. The animals were chosen from individual breeds after clinical test. The main criterion was weaker growth and stunted animals. A total of 47 fattened calves, 5-9-month-old were included in the study. The calves had been fed with the usual fattening feed -ground maize corn mixed with cereal crops, maize silage and hay ad libitum. The study was carried out in the north-western Croatia, in the region known to be poorer in selenium, as indicated by previous investigations (V u linec et al. 1985) .
The blood was taken from v. jugularis by the Vacutainer system into test tubes with 143 IU sodium heparinate/7 ml. We determined GSH-Px activity in whole blood by the commercial "Ransel" method from Randox Laboratories Ltd. adapted to a Technicon RA-1000 biochemical analyser at 37 °C. The method was based on the work of Paglia and Valentine (1967) , which described a direct spectrophotometric method for determining the glutathione peroxidase of blood cells.
Determination of selenium concentration was done with a modification of the method by Perkin-Elmer HGGS. For a reading of the selenium in the samples, an atomic absorption spectrophotometer had a non-electrode lamp for selenium connected to it as well as apparatus for selenium hydride generation.
The experimental data were statistically evaluated by standard descriptive methods and regression analysis (Chase and Bown 1997) made by SAS Software Release 6.12. Table 1 shows the statistically treated values of glutathione peroxidase shown in µkat . l -1 and IU . l -1 , and selenium in mg . l -1 of whole blood in the group of calves receiving a supplement with Selenium and vitamin E.
Results
From the results obtained, by a linear regression analysis we calculated the regression equation (Y = 56.6 + 3.1367E-3*X) and determined a correlation between selenium and glutathione peroxidase that is positive and very high (r = 0.82; P < 0.001). Table 2 shows the GSH-Px activity in the whole blood of fattened calves that were not receiving vitamin and mineral supplement in the food. The activity is expressed in µkat . l -1 and IU . l -1 , and selenium quantity was calculated by means of a proper regression equation from the first part of the research. As can be seen from Table 1 and Table 2 the difference in the GSH-Px activity between the two groups of calves is great and statistically significant (P < 0.05). The calves that did not receive a supplement in their feed had the activity in whole blood 56.94% lower than the group which was receiving the supplement. Four calves (8.51%) out of 47 had the GSH-Px activity lower than 231 µkat . l -1 which according to the proper regression equation corresponds to the selenium quantity lower than 100 µg.l -1 . In two calves with lowest GSHPx activity (135.04 µkat . l -1 and 148.56 µkat . l -1 GSH-Px; 82.01 µg . l -1 and 84.45 µg . l -1 of selenium, respectively) the clinical symptoms were not very marked. In spite of this, the animals were sacrificed and at the slaughterhouse the materials for a histopathological examination were sampled. There was found extensive hyaline and vacuolar degeneration in the m. latissimus dorsi, m. triceps and intercostal muscles.
Discussion
Since glutathione peroxidase activity in erythrocytes is very stable (Wilson and Judson 1976) , it can with a great deal of confidence be used in diagnostic purposes, the more so that the antioxidative action of selenium is manifested through glutathione peroxidase activity. Wolf (1998) determined that after selenium supplementation in the diet, GSH-Px followed the positive trend of selenium in the blood up to certain values, after which it reached a plateau and could no longer be used for an estimation of an excess of selenium.
Many authors have described a very high and positive correlation between GSH-Px and selenium, although a regression equation has not been published in most of the works. Lawrence and Burk (1976) Genin and Wolter (1981) found a weak positive correlation r = 0.359, and Niekerk (1990) , too, found a weak correlation that was not strong enough for calculation the selenium concentration.
As can be seen from the results shown, most authors have established a strong positive correlation between quantity of selenium and GSH-Px activity, while the glutathione peroxidase activity stated has been very uneven. This is contributed to by the use of various different units in which to state the results, and still more by various determination methods, 90 Table 2 The GSH-Px activity and selenium quantity in the group of calves that were not receiving selenium and vitamin E as a supplement (n = 47) different reaction temperatures in vitro and the use of diverse anticoagulants. Almost all authors put the lower limiting value for the quantity of selenium in whole blood somewhere between 50 and 100 µg . l -1 , while nothing like the same degree of unanimity of results has been attained for GSH-Px activity. For this reason each laboratory should make its own regression equation. Arthur et al. (1979) determined for a selenium concentration of 96 µg . l -1 a corresponding glutathione peroxidase activity of 14360 IU . l -1 , and used 50 µg . l -1 of Se and 5000 IU . l -1 GSH-Px as limiting values. Thompson et al. (1981) obtained a value of 8000 IU . l -1 for 100 µg . l -1 , and took this value as sufficient for antioxidative activity. Pehrson et al. (1985) give 25 µg . l -1 Se and 100 µkat . l -1 of GSH-Px as the limiting values below which there is a threat of deficiency accompanied by clinical symptoms. Moreas (1986) , from Cestnik et al. (1991) determined the values between 200-250 µkat . l -1 as limiting values of the GSH-Px activities, pointing at the satisfactory supply of animals with selenium. Tasker et al. (1987) present 75.9 µg . l -1 of selenium, and an activity of 18100 IU . l -1 as values obtained after dietary supplementation for cattle in a farm in an area low in selenium. According to the data by Cestnik et al. (1989) the cattle under study had the 201.4 µkat . l -1 GSH-Px activity in the whole blood, and the investigated calves from birth to 65 days of age had the GSH-Px activity which was decreasing from 229.1 µkat . l -1 to 164.5 µkat . l -1 on an average. Hogan et al. (1990) presented a blood selenium value for milk cows of 270 µg . l -1 and a corresponding glutathione peroxidase activity value of 80 IU . l -1 , while Ellison (1992) presents 19.75 µg . l -1 of selenium and a glutathione peroxidase activity of 2000 IU . l -1 as the lower limiting values in New Zealand.
The mean values of the GSH-Px activity in our herd that did not receive a supplement with vitamin E and selenium, were 435.3 µkat . l -1 (138.164 µg . l -1 Se). Out of 47 animals, four animals (8.51%) had lower values than those recommended as sufficient, and in two animals a lack of selenium is confirmed by histopathological examination of the muscle tissue.
This study has confirmed that after the calculation of the correlation between selenium and GSH-Px (r = 0.82; P < 0.001; regression equation Y = 56.6 + 3.1367E-3*X), glutathione peroxidase activity determination can be used as a rapid and simple proxy for the determination of selenium concentration in whole blood. In our investigation for a limiting value of 100 µg . l -1 selenium in the whole blood, the pertinent activity of 231 µkat . l -1 (13850 IU . l -1 ) GSH-Px can be used as a limiting value for selenium deficiency.
Korelace mezi aktivitou glutathion peroxidázy a mnoÏstvím selénu v krví masn˘ch telat
Aktivita glutathion peroxidázy byla sledována v celé krvi telat -kfiíÏencÛ plemene Simmental, která byla krmena krmnou dávkou obohacenou smûsí vitamínÛ a minerálních látek s pfiídavkem 0.1 mg . kg -1 selénu. Mezi aktivitou enzymu a obsahem selénu byla vysoká pozitivní korelace (r = 0.82; P < 0.001). V˘sledky pokusu ukázaly, Ïe aktivita 231 µkat . l -1 (13850 IU . l -1 ) v celé krvi telat odpovídala koncentraci selénu 100 µg -1 v celé krvi. Regresní rovnici (Y = 56.6 + 3.1367E.3*X) lze pouÏít k v˘poãtÛm obsahu selénu v krvi.
